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REMARKS 



Claims 49 through 77 are pending in this application. No amendment is made to the claims 
in this Response. 

Claims 49-77 are rejected under 35 U.S.C. 112, first paragraph, because the 
specification is not enabling for methods of differentiating any of "two types" of 
thyroglobulins and methods of diagnosing cancer (Examiner's point 3). 

The rejection of claims 49-77 as not being enabled is respectfully traversed. Applicants 
believe that the specification provides both "written description" and "enablement" of the claims, 
as required by 35 U.S.C. 1 12, first paragraph. 

The Examiner states that the specification does "does not reasonably provide enablement for 
methods of differentiation any of "two types" of thyroglobulins['] and methods of diagnosing cancer. 
The specification does not enable any person skilled in the art ... to practice the invention 
commensurate in scope with these claims." The Examiner further discusses the rejection on p. 3 of 
the Office Action, stating ".. however, sorting thyroglobulins by sugar chain variations would not 
differentiate any "type" of thyroglobulin, by [sic] rather only those that have a detectable difference 
in their sugar chain structure." 

In traversing the rejection, Applicants first note that there is no indefiniteness or written 
description issue with regard to the claims. Claim 49 and the other claims clearly state what is meant 
by "two types of thyroglobulin." Claim 49, for example, distinguishes between "a first type of 
thyroglobulin" and "a second type of thyroglobulin," and defines the meaning of these types in the 
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claim. Applicants believe that this definition of the types of thyroglobulin is fully supported by the 
specification. 

The first enablement issue raised by the Examiner appears to center on "methods of 
differentiating any of "two types" of thyroglobulin." However, the Examiner's remarks on page 3, 
lines 9-15 are not clearly directed to an enablement issue. Line 12 states: "Any 'type' of 
thyroglobulin could refer to other non-sugar chain modifications, sequence variations, or even 
production in distinct species, etc. Detection of sugar chain molecule variations would not be 
indicative of the broadly claimed 'types' of thyroglobulins." Applicants are uncertain that these 
remarks are directed to enablement. 

As best understood by the Applicant, the Examiner is stating that differences in the sugar 
structures of two thyroglobulins does not actually mean these are different "types" of thyroglobulin. 
Applicants strongly disagree with this position. A thyroglobulin includes a sugar chain, and 
therefore a difference in the sugar chain yields a different thyroglobulin molecule. In the present 
claims, Applicants are functionally defining "types" of thyroglobulin based on binding properties 
of the sugar chain of the thyroglobulin. Applicants may be their own lexicographer in this regard. 
The definition of "types"of thyroglobulins in the claims would not appear to be an enablement issue. 

Enablement of the claim requires that one of ordinary skill in the art be able to practice the 
claim based on the specification. The Examiner is apparently stating that, in claim 49, for example, 
one of ordinary skill in the art could not obtain the anti-thyroglobulin antibody used in step (a) or 
the specific lectin or specific antibody of step (b). (One of ordinary skill in the art could^ceriaiTily 
perform the recited steps of adding these compounds.) 
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Applicants believe that one of ordinary skill in the art could obtain these compounds. The 
specification makes it clear on page 1 that thyroglobulins are well known in the art, as is the fact that 
some thyroglobulins have different sugar chains. Anti-thyroglobulin antibodies and lectins are well 
known in the art. One of ordinary skill in the art can produce a new anti-thyroglobulin antibody to 
a particular thyroglobulin, if necessary. Therefore, one of ordinary skill in the art could certainly 
obtain anti-thyroglobulin antibodies and specific antibodies and lectins as recited in the claims, and 
therefore could carry out the recited methods. 

The Examiner also discusses the claims regarding diagnosis of a malignancy, stating: "The 
claims broadly recite any antibody or lectin, regardless of what it binds, many of which in no way 
correlate to malignancy and thus would not function unless the appropriate lectins were used." The 
Examiner here appears to be stating that Applicants' claims are overly broad and encompass 
examples which would not function for the purpose stated in the preamble. 

In response to this, Applicants note the following points. First, Applicants are not certain 
how correct the Examiner is that some lectins meeting the limitations of the claims would not work 
for diagnosing cancer, but Applicants do not believe that this is relevant to the issue of enablement. 
Applicants believe that the claims clearly define a method and that what is at issue is that one skilled 
in the art could readily perform the recited method. How medically accurate the determination 
resulting from performing the method is, is not an enablement issue. Applicants believe that one 
skilled in the art could perform the method, indeed with almost no experimentation necessary, and 
that the claims are enabled. 
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Applicants respectfully believe that some of the Examiner' s remarks may actually be directed 
to the issue of utility under 35 U.S.C. 101. However, Applicants have clearly stated a utility and 
Applicants believe that this utility is not "unbelievable." Applicants note that it is, in fact, almost 
inevitable that broad claims encompass some modes which do not work as well as others. That is, 
even if some lectins which meet the limitations of the claims do not produce as good a cancer 
diagnostic method as others, the recited invention still has utility under 35 U.S.C. 101. 

Applicants therefore believe that claims 49-77 are fully enabled. 

Claims 49-66, 68-75 and 77 are rejected under 35 U.S.C. 103(a) as unpatentable over 
Hanham et al. (Biochemica et Biophysica Acta, Vol. 884, 1986) in view of Voller et al. (Rul. 
World Health Organ., Vol. 53, pp. 55-65, 1976) or Harlow and Lane (Antibodies, a Laboratory 
Manual, Chap. 14, pp. 553-612, 1988) or Samuel et al. (U.S. Pat. No. 5,242,799) (Examiner's 
point 4). 

The Examiner cites Hanham et al. ("Hanham") as using "an anti-thyroglobulin antibody 
which is capable of binding to both types of thyroglobulin and further using a lectin ... which is 
capable of binding a specific sugar chain structure on only one of the two types of thyroglobulin. 
The method of Hanham et al. measures thyroglobulin using both antibodies and lectins in 
combination with one another." The Examiner states that the difference between Hanham and the 
recitation of the claims is the order of the steps. 

Applicants respectfully traverse the rejection of claims 49-66, 68-75 and 77, as Applicants 
believe that no prima facie case of obviousness can be made using the cited references. For 
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simplicity, Applicants will address their remarks to claim 49, but these remarks are applicable to 
other rejected claims. 

First of all, Applicants note that claim 49 differs from Hanham in the following respects: 

1) Hanham does not describe adding an antibody or a lectin to a fluid sample containing 
thyroglobulin, as in step (a) or step (b). Hanham only describes preparation of gels containing an 
antibody or a lectin through which thyroglobulins are electrophoresed (p. 160, column 2). 

2) Step (b) of claim 49 requires that both the anti-thyroglobulin antibody and the lectin have 
been added to the same fluid sample, so as to be simultaneously in contact with the thyroglobulins. 
In Hanham, the antibody and lectin are in separate gels of a two-tiered gel, and it does not appear 
that both the lectin and antibody are ever even simultaneously in contact with the electrophoresed 
thyroglobulin. 

3) Step (c) of claim 49 requires measuring the amounts of conjugates of thyroglobulin. 
Hanham does not appear to actually measure the amount of any thyroglobulin using the 
electrophoretic method. Rather, Hanham describes a qualitative analysis of lectin binding using 
lectin affinity electrophoresis. 

The Examiner also cites Samuel et al. ("Samuel") as discussing numerous lectin/antibody 
assays. The assays include a heterologous sandwich immunoassay using human TF (Thomsen- 
Friedenrich) erythrocyte antigen as the "catcher" and labeled peanut agglutinin, a lectin, as the 
"probe" (column 5, line 15). However, Samuel appears to state a distinct purpose of generally 
replacing antibodies with lectins in an immunoassay (column 3, line 15), and therefore Samuel 
suggests a lectin only in this regard. More significantly, there appears to be no indication in Samuel 
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that there may be two types of TF-antigen, one of which does not bind the lectin (to be analogous 
to the two types of thyroglobulins), and therefore Samuel does not suggest the limitations on the 
antibodies and lectins recited in the claims. 

Moreover, Samuel is clear that the lectin must bind to the antigen independently of the 
antibody (column 5, line 17). However, claim 60, for example, recites a specific case of use of an 
antibody which will not bind to the thyroglobulin when the lectin is bound. Samuel clearly teaches 
away from this method. 

The Harlow and Lane reference and Voller et al. are general references which do not address 
the specific antibodies recited in the claims, and which do not appear to describe lectins. Therefore, 
these references only disclose general kinds of immunoassays, but do not suggest the specific 
recitation of claim 49. 

Therefore, the primary reference, Hanham, does not suggest adding any antibodies or lectins 
to a fluid sample. None of the references discloses or suggests the limitations on the antibodies and 
lectins recited in claim 49 or in the other claims. It would appear to be impossible to construct a 
prima facie case of obviousness using these references, and Applicants believe that claims 49-66, 
68-75 and 77 are novel and non-obvious over Hanham et al., Voller et al., Harlow and Lane and 
Samuel et al., taken separately or in combination. 
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Claims 49-66, 68-75 and 77 are rejected under 35 U.S.C. 103(a) as unpatentable over 
Heilig et ah (Endocrin. Suppl. 108(267), p. 151, 1985) in view of Voller et al. (Rul. World 
Health Organ., Vol. 53, pp. 55-65, 1976) or Harlow and Lane (Antibodies, a Laboratory 
Manual, Chap. 14, pp. 553-612, 1988) or Samuel et al. (U.S. Pat. No. 5,242,799) (Examiner's 
point 5). 

Applicants respectfully traverse the rejection of claims 49-66, 68-75 and 77, as Applicants 
do not believe that a prima facie case of obviousness can be made using the cited references. 

The Examiner has cited Heilig et al. ("Heilig") as teaching a method using "an anti- 
thyroglobulin which is capable of binding to both types of thyroglobulin and further using an 
additional which is capable of binding a sugar chain structure on only one of the two types of 
thyroglobulins." 

Applicants respectfully disagree. This reference describes monoclonal antibodies prepared 
against human thyroglobulin (hTg). Six mAbs were obtained. A two-side immunometric assay for 
hTg involved fixing on mAb to a microtiter plate and using a second, labeled, mAb for detection. 
The reference compares this assay to a conventional radioassay for Tg, finding that in 3 of 13 
patients, the correlation was poor. 

Applicants therefore disagree with the Examiner's contention and believe that the reference 
does not in any way suggest discrimination between two types of thyroglobulin in a sample, or that 
two types of thyroglobulin might be present in single sample. The reference only suggests that "the 
molecule" of hTg (see line 1 7 of the reference) might have different epitopes, which is quite common 
for a single protein species. 
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The reference states that "it might be worthwhile to use monoclonal antibodies to look for 
tumor-specific Tg species." Applicants note that this provides merely an invitation to experiment 
further, but does not indicate that any such species are even known. This reference is therefore does 
not provide any enabling teaching with regard to the recited methods for determining malignancy, 
claims 68-75 and 77. 

Additionally, Applicants note that Heilig et al. does not discuss lectins, and therefore 
provides no disclosure or suggestion for the lectins recited in the claims. 

Therefore, the citation of Heilig et al. does not add provide disclosure or suggestion of any 
additional steps of the present claims over the references cited in Examiner's point 4. We do not 
believe that & prima facie case of obviousness is possible using these references, and Applicants 
believe that claims 49-66, 68-75 and 77 are novel and non-obvious over Heilig et ah, Hanham et al., 
Voller et al., Harlow and Lane and Samuel et al., taken separately or in combination. 

Claims 49-66, 68-75 and 77 are rejected under 35 U.S.C. 103(a) as unpatentable over 
Wang et al. (Chung-hua Ping Li Hsueh Tsa Chin, vol. 19(2), pp. 90-93) in view of Lo Gerfo et 
al., (Lancet (1977), vol. 1, No. 8017, pp. 881-882), and further in view of Voller et al. (Rul. 
World Health Organ., Vol. 53, pp. 55-65, 1976) or Harlow and Lane (Antibodies, a Laboratory 
Manual, Chap. 14, pp. 553-612, 1988) or Samuel et al. (U.S. Pat. No. 5,242,799) (Examiner's 
point 6). 

The Examiner cites Wang et al. ("Wang") as teaching a method using an anti-thyroglobulin 
antibody which is capable of binding to two types of thyroglobulin and further using a lectin which 
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is capable of binding to a specific sugar on only one of the two types of thyroglobulin. The Examiner 
appears to argue that although Wang teaches detection in tissues, Wang's method would be 
applicable in serum and is applicable to diagnosis of cancer. 

Applicants respectfully traverse this rejection of claims 49-66, 68-75 and 77, as Applicants 
believe that & prima facie case of obviousness cannot be made using these references. 

Applicants respectfully disagree with the Examiner regarding the teaching of Wang. Wang 
(Abstract) discusses lectin distribution in thyroid carcinoma cases, and indicates a "distribution of 
lectins" among different thryoid carcinoma types. However, based on the Wang abstract, Applicants 
do not believe that Wang teaches use of an anti-thyroglobulin antibody and a lectin to distinguish 
thyroglobulins. Applicants note the following points about Wang: 

1 ) Wang discusses a difference in "lectin distribution" between different thyroid carcinoma 
types. This presumably refers to use of lectins in staining the carcinomas, but the abstract only 
implies that where the lectins stain in the tissue sample differs between different cancers. There is 
no indication in the abstract as to what molecules the lectins are binding to. 

2) Wang discusses a correlation between the lectin distribution and Tg immunoreactivity. 
However, this does not indicate that the lectins are be binding to the Tg. 

3) Thus, there is only a suggestion that Wang has simultaneously exposed fixed tissue 
samples to both lectin and an anti-thyroglobulin antibody. This would not allow distinction between 
different types of thyroglobulin present, since lectins may bind to other proteins as well. This 
therefore does not provide a suggestion for the addition steps recited in the claims. 
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4) Wang's assay would not allow measurement of the amount of thyroglobulin present as 
recited in the claims. 

The Examiner has cited the LoGerfo reference as showing that the detection of thyroglobulin 
in serum and subsequent correlation to cancer is well known in the art. Applicants concur, and the 
present application noted this point on page 1 , second paragraph of the specification. However, there 
appears to be no teaching or suggestion in LoGerfo regarding antibodies directed at two types of 
thyroglobulin as recited in the claims. Lectins do not appear to be mentioned in the reference. 

Therefore, the citation of Wang et al. does not add provide any additional disclosure or 
suggestion of steps of the present claims over the references cited in Examiner's point 4 and 5. 
Applicants do not believe that a prima facie case of obviousness is possible using these references, 
and Applicants believe that claims 49-66, 68-75 and 77 are novel and non-obvious over Wang et al, 
Lo Gerfo et aL, Voller et al., Harlow and Lane and Samuel et al., taken separately or in combination. 

Claims 49, 50, 52, and 57-65 are rejected under 35 U.S.C. 103(a) as unpatentable over 
Canfield et al. (WO 87/00289) in view of Voller et al. (Rul. World Health Organ., Vol. 53, pp. 
55-65, 1976) or Harlow and Lane (Antibodies, a Laboratory Manual, Chap. 14, pp. 553-612, 
1988) or Samuel et al. (U.S. Pat. No. 5,242,799) (Examiner's point 7). 

The Examiner cites Canfield as using an "anti-thyroglobulin antibody which is capable of 
binding to both types of thyroglobulin and further using a lectin which is capable of binding a 
specific sugar chain structure on only one of the two types of thyroglobulins." 
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Applicants respectfully traverse this rejection, as Applicants believe that no prima facie case 
of obviousness can be made using the cited references. 

Most significantly, Applicants note that Canfield WO'289 appears to be directed mainly to 
human chorionic gonadotropin (hCG), which is not the same as thyroglobulin. Applicants have 
attached two documents demonstrating this point (Gradwohl's Clinical laboratory methods and 
diagnosis, 7 th ed., pp. 1 576-1 577 (1970) and Malthiery et al., Eur. J. Biochem. vol. 165, pp. 491-498 
( 1 987).) The Examiner is apparently taking Canfield's appropriate lectin as the recited lectin of step 
(b) of claim 49, and Canfield's detectable antibody as the anti-thyroglobulin antibody of step (a). 
However, there appears to be no suggestion in the Canfield reference to modify the disclosed method 
to be applicable to thyroglobulin. There would also not appear to be any suggestion or motivation 
in the other references to modify the Canfield method to be applicable to thyroglobulin. 

Secondly, Applicants believe that there is no analogue in Canfield of the recitation of claim 
50, steps (b)(i), regarding measuring a total amount of conjugates. In claim 50, this step and step 
(b)(ii), measuring the amount of conjugates of the specific lectin or specific antibody, are both 
performed. Similar recitations occur in claims 58, 59 and 60. Applicants believe that Canfield's 
disclosed method does not suggest this measurement. 

In addition, Applicants believe that there is no suggestion in Canfield for an analogue to the 
anti-thyroglobulin antibody-2 of claims 61, 62 and 65, which cannot bind thyroglobulin to which 
the specific lectin or the specific antibody is already bound. 

Applicants therefore believe that claims 49, 50, 52, and 57-65 novel and non-obvious over 
Canfield et al., Voller et al., Harlow and Lane, and Samuel et al., taken separately or in combination. 
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Claims 49-66, 68-75 and 77 are rejected under 35 U.S.C. 103(a) as unpatentable over 
Canfield et al. (WO 87/00289) in view of Tarutani et aL (J. Biochemistry, vol. 98(3), 1985) or 
Wang et al. (Chung-hua Ping Li Hsueh Tsa Chin, vol. 19(2), pp. 90-93), or Heilig et al. 
(Endocrin. Suppl. 108(267), p. 151, 1985), and further in view of Voller et al. (Rul. World 
Health Organ., Vol. 53, pp. 55-65, 1976) or Harlow and Lane (Antibodies, a Laboratory 
Manual, Chap. 14, pp. 553-612, 1988) or Samuel et al. (U.S. Pat. No. 5,242,799) (Examiner's 
point 8). 

Applicants respectfully traverse this rejection of claims 49-66, 68-75 and 77. In addition to 
the remarks above directed to Canfield and the other cited references, Applicants here address the 
additional teaching of Tarutani. 

As understood by the Applicant, Tarutani is cited by the Examiner for its general teaching 
of variation in sugar chains of thyroglobulin and correlation to cancer. Applicants concur that 
Tarutani describes con A-gel column chromatography of human Tg, indicating that human Tg was 
heterogeneous with respect to affinity for con A. The reference also studied thyroid tumor Tg, and 
indicated that there were two separable types of Tg, one that had a strong affinity for lectins and one 
that had a weak affinity for lectins. The Tarutani paper also appears to indicate on p. 854 that the 
two separable types of Tg were both detectable by anti-human Tg serum. 

However, several points are notable about Tarutani. First of all, on page 853, left column, 
lines 3 1-40, even at heavy loading only 74% of the adsorbed Tg is recovered from, the con-A gel, 
and "as Tg adhered strongly to the column, it was difficult to elute completely from the column ..." 
That is, Tarutani's method does not clearly provide a quantitative assay for the adsorbed Tg. It 



-13- 



Response 

Ryoji KATO et al. 



U.S. Patent Application S.N. 09/340,196 
Attorney Docket No. 990701 



should be noted that Tarutani measures the concentration of Tg by means of ultraviolet absorption 
in the eluate from the column. This is not a specific method for determination of Tg and may be 
affected by non-thyroglobulin protein in the sample. Tarutani therefore does not teach or suggest 
the use of an anti-thyroglobulin antibody as in the present claims. Given this point and the lack of 
quantitation due to the strongly adhered Tg, Applicants do not believe that Tarutani' s method could 
even be modified to provide an accurate ratio of the two types of Tg. That is, Tarutani does not 
enable a measurement of the Tg ratio of the present claims. 

In addition, Applicants respectfully disagree with the Examiner that there is a suggestion in 
the reference that such a Tg ratio might correlate with the malignancy of a cancer. Accordingly, 
there is no suggestion to quantitatively measure this ratio and compare the result with a reference 
fluid sample, as recited in the claims directed to a method of determining malignancy. 

Applicants have also above discussed the teachings of Wang, Hanham and Heilig, and do not 
believe that these references provide any suggestion to measure this Tg ratio. In particular, Heilig 
does not discuss two types of thyroglobulin at all. Likewise, Wang only discusses the spatial 
distribution of lectins in thyroid carcinoma samples and does not even clearly indicate that the lectins 
are binding to the Tg. Hanham discusses glycosylation of Tg modified with enzymes, but does not 
discuss two types of naturally occurring Tg. 

Applicants therefore do not believe that there is a suggestion or motivation in the Tarutani, 
Wang and Hanham references for modifying the Canfield reference to be applicable to 
thyroglobulins. 
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Applicants also note that there appears to be no teaching in Tarutani or Canfield of a reagent 
comprising both a lectin and an antibody, and that claims 52-55 are therefore not suggested. 

Moreover, as noted above, the Examiner has rejected claims including use of a second anti- 
thyroglobulin antibody which cannot bind to a thyroglobulin to which the lectin is bound, that is, 
claims 60, 61, 62, 65, 70, 71, 72, and 75. Applicants can find no suggestion for this step in Tarutani. 

Applicants therefore believe that claims 49-66, 68-75 and 77 are novel and non-obvious over 
Canfield et al., Tarutani et al., Wang et al., Heilig et al., Voller et al., Harlow and Lane and Samuel 
et al., taken separately or in combination. 

Claims 49-77 are rejected under 35 U.S.C. 103(a) as unpatentable over Canfield et al. 
(WO 87/00289) in view of Tarutani et al. (J. Biochemistry, vol. 98(3), 1985) or Wang et al. 
(Chung-hua Ping Li Hsueh Tsa Chin, vol. 19(2), pp. 90-93), or Hanham et al. (Biochemica et 
Biophysica Acta, Vol. 884, 1986) or Heilig et al. (Endocrin. Suppl. 108(267), p. 151, 1985), and 
further in view of Voller et al. (Rul. World Health Organ., Vol. 53, pp. 55-65, 1976) or Harlow 
and Lane (Antibodies, a Laboratory Manual, Chap. 14, pp. 553-612, 1988) or Samuel et al. 
(U.S. Pat. No. 5,242,799), and further in view of Larena et al. (Langenbacks Archiv fur 
Chirurgie, Vol. 381/2, pp. 102-113, 1996) (Examiner's point 9). 

This rejection is respectfully traversed. In the rejection, the Examiner additionally cites the 
Larena et al. ("Larena") reference as teaching that Lewis-type sugar chains are known in the art to 
be useful for detection of malignancy. This reference is thus being applied additionally to claims 67 
and 76 which were not rejected in Examiner's point 8. 
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Larena does generally discuss antigens labeled Lea, Leb, Le(x), etc., which apparently refer 
to Lewis type sugar chains as recited in the claims. However, this reference does not discuss these 
anitgens as part of thyroglobulin, and the Larena reference at best suggests assaying specific Lewis 
type sugar antigens in thyroid cancer. Given the lack of any teaching concerning thyroglobulin, 
Applicants believe that there is no clear way to combine Larena with the teachings of the other 
references, and that Larena does not provide a suggestion for the recitation of the present claims. 

Given Applicants' above comments regarding the rejection in Examiner's point 9, Applicants 
believe that the additional teaching of Larena does not create a prima facie case of obviousness, and 
that claims 49-77 are novel and non-obvious over Canfield et al., Tarutani et al., Wang et al., 
Hanham et aL, Heilig et al., Voller et al., Harlow and Lane, Samuel et al., and Larena et al., taken 
separately or in combination. 

If, for any reason, it is felt that this application is not now in condition for allowance, the 
Examiner is requested to contact Applicant's undersigned agent at the telephone number indicated 
below to arrange for an interview to expedite the disposition of this case. 
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In the event that this paper is not timely filed, Applicants respectfully petition for an 

appropriate extension of time. The fees for such an extension or any other fees which may be due 

with respect to this paper, may be charged to Deposit Account No. 01-2340. 

Respectfully submitted, 

ARMSTRONG, WESTERMAN, HATTORI, 
McLELAND & NAUGHTON, LLP 




Agent for Applicants 
Reg. No. 42,573 

Atty. Docket No. 990701 
Suite 1000 

1 725 K Street, N.W. 

Washington, D.C. 20006 

Tel: (202) 659-2930 

DAG/plb 

Enclosures: Gradwohl's Clinical Laboratory Method and Diagnosis; Sam Frankel et al. (2 pages) 
Primary Structure of Human Thyroglobulin deduced from the sequence of its 
8448-base complementary DNA; Yves MALTHIERY et al. 
Eur. J. Biochem (5 pages) 

H:\FLOATERS\DAG\Amendments\990701 .response to oa dated 8,23,01. frm 
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The mRNA encoding human thyroglobulin has been cloned and sequenced. It is made up of a 8301 -nucleotide 
segment encoding a preprotein monomer of 2767 amino acids, flanked by non-coding 5' and 3' regions of 41 and 
106 nucleotides, respectively, Thia preprotein consist of a leader sequence of 19 amino acids, followed by the 
sequence of the mature monomer, corresponding to a polypeptide of 2748 amono acids (Af, = 302773). On its 
amino-terminal side, 70% of the monomer Is characterized by the presence of three types of repetitive units. In 
contrast, the remaining 30% of the protein is devoid of repetitive units. This last region however shows an 
interesting homology (up to 64%) with the acetylcholinesterase of Torpedo cali/omica- The sites of thyroid 
hormones synthesis^ re clustered at both ends of the thyroglobulin monomer. By contrast, the potential glycosyla- 
tion sites arc scattered along the polypeptide chain. 
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jjv/ Thyroglobulin is a protein specifically synthesised by ihe 
foihyroid gland, and constitutes the support for the production 
| j - of the two thyroid hormones, thyroxine and triiodothyronine 
! pjl].; The existence of thyroglobulin was demonstrated a cen- 
.*i;.iury ago [2], but its structure has been elucidated only recently. 
£;<U is a dimeric glycoprotein with an U x of 660000, of two 
.b identical subunits [3, 4] encoded by a single mRNA with a 
sedimentation coefficient of 33 S (8500 nucleotides) [5-7]. 
^Thyroglobulin is synthesised 'by the thyrocyte, then exported 
T'to the vesicular lumen where its maturation begins by the 
;.vio'dination of several tyrosine residues, and coupling of some 
cfof the iodotyrosine residues [8], Then, by an endocy to tic pro- 
gress, the molecule is absorbed into the thyrocyte where several 
selective cleavages occur in the lyso somes., resulting in the 



i\ '-release of the thyroid hormones, and complete degradation 
oft 



the rest of the molecule. 
. For a thyroglobulin iodine content of 0.5% (which is 
; : rarely attained in man) a maximum of 3.5 hormonal residues 
.7 per thyroglobulin molecule are formed through a reaction 
■1 catalyzed by the enzyme thyroid peroxidase [9], Four 
hormone-synthesis sites have been described, corresponding 
:v:;to four tyrosine residues in fixed positions [10 — 12], 
'j :'!"• The structure of human thyroglobulin seems to be respon- 
sible for the specific fixation of iodine, and the production of 
vTunctibnal thyroid hormones. Several human pathologies are 
^ associated with an abnormal thyroid function. Since the recent 
^demonstration of the implication of a defect in thyroglobulin 
gene structure in the development of congenital goitre in cattle 
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yy : linzymes. Reverse transcriptaga or RNA-directeri DNA nuclcoti- 
dyttramferase (EC 2,7.7.49*1; terminal deoxvaucleoiidyliiansferase 
: ;(nC2.7.7.3lJ; T4 polynucleotide kinase (liC 2.7.1.7S); alkaline 
^phosphatase (EC 3,1.3.1); restriction endonucleases B#m. EcoKU 
and SauZA I ( EC 3 . 1 . 2 1 .4) . 



[13], it is likely that knowledge of the structure of human 
thyroglobulin mRNA will help to elucidate .the structural 
bases of human thyroid pathologies. We describe here the 
complete nucleotide sequence of human thyroglobulin 
mRNA. 



MATERIALS AND METHODS 
Preparation and sequencing of DjVA 

cDNA fragments corresponding to human thyroglobulin 
mRNA were prepared from recombinant ptasrnids named 
Ml - M4 and B2-B4 (see Fig. 1), as previously described (7, 
14]. Two additional clones, named Bl (kind gift of H. Brocas 
and G. Vassart) and M5, were constructed by G-C tailing of 
cDNA, and eventual insertion into the Pstl site of pBR322, 
according to Maniatis et al. [15]. Restriction endonucleases 
were used as recommended by the suppliers. Fragments 
carrying 5'-protruding ends were labeled using alkaline 
phosphatase (dP Boch ringer) and T4 polynucleotide kinase 
(BRL) with ["PJATP (3000 Ci/mmol, Amersham). Frag- 
ments carrying 3'-protruding ends were labeled with cordy- 
cepin (3'-deoxyadenosine) or 2* t 3'-dideoxy adenosine 5'-["P]- 
phosphate (["PjddATP, 3000 Ci/mmol, Amersham) in the 
presettce of teradnal deoxynucleotidyl transferase (BRC). 

The labeled fragments were isolated and sequenced ac- 
cording to the method described by Maxam and Gilbert [16]. 

mRNA preparation 

Human thyroglobulin mRNA was extracted by the guani- 
dine • HC1 procedure [17] or by the guanidinium thiocyanate/ 
CsCI gradient procedure [18], from a Graves* disease thyroid 
obtained surgically. A single passage through oligo(dT>ceJlu- 
lose was used to prepare the fraction enriched in poly(A)- 
concaining RNA. The quality of the UNA preparation was 
monitored by electrophoresis on agarose/methyhnercury- 
hydroxide gels. 



the protomcrs, but increases in the hormonogenic regions, up 
to 100% for the 20 N-terminal residues (see Fig. 4). The strong 
homology between human and bovine thyroglobulin mRNAs. 
together with data on the structure of the human 
thyroglobulin gene suggest that the three domains Observed 
in the mRNA structure might be evolutionally different. In 
the central region, homologies of types 1 and 3 probably 
originate from multipJe duplications. 

Computer searching in a data bank for homologies be- 
tween the type 1 repeat and fragments of other proteins re- 
L**IH§ri}t At a tri W ,dc Cys-Trp/Tyr-Cys, whose position is 
mgmfconserNgd in all 10 cases of the repeat, was found in all 
known scjffpiori neurotoxins. Neurotoxins are short 
polypeptides "of about 60 ammo-arid residues [29], In which 
the tripeptide helps to maintain a strict tridimensional 
structure, but its role in thyroglobulin 15 unknown. Further- 
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— t*«» nam J- 

■ ^ f u - Knowledge of the structure of human thyroglobulin 
m ^NA, and of the organisation of the corresponding, gene 
Ul-hr: ] L 5h0 ^ d fjM 3^to{i? ^^opment of studies ori. the 
y " /structural bases oJnW&Iffn thyroglobulin production. Along 
'V; - tms Iin<; » defect in the structure of bovine thyroglobulin 
mRNA has already been linked to the existence of a hereditary 
goitre [13]. ' 
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